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Abstract of JP1 00981 88 

PROBLEM TO BE SOLVED: To relax an 
electric field intensity of an insulation material 
layer at the lower part of a trench-type 
insulating gate layer and to improve voltage- 
resistance and reliability by providing at the 
lower part of the trench-type insulation gate, 
the first semiconductor area of the second 
conduction type formed in a semiconductor 
substrate, that is, a semiconductor area for 
relaxing electric field. 

SOLUTION: A trench-type insulating gate 
electrode 14, with a substrate, in a broad 
sense, comprising a substrate 3, a drift layer 2, 
and a body layer 4 etched anisotropicalty, 
forms a trench 69 penetrating the body layer 4 
of p-conductive type with Its bottom part 
reaching the drift layer 2 of n<-> - conductivity 
type. At its bottom, an electric field-relaxing 
semiconductor area 1 of p-conductive type is 
formed, then after a gate insulating film 9 is 
formed on the inside surface of the trench 69, 
poly silicon is deposited to fill the trench 69 with 
it for forming a gate area 64. At the lower part 
of the trench-type insulation gate electrode 14, 
most of the applied voltage is shared with the 
electric field relaxing semiconductor area 1 
and the drift layer 2 of n<-> - conductivity type, 
the electric field intensity of the insulating 
nnaterial layer 9 is relaxed. 
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C -n+^SMSteCDf^fc t) S i C -p+^mMStS^ffl 
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7 V-i/'^ 



It. 1 018^1 019a tin/cm3T*$)^>o 

[0 0 2 4] >^mmm(Dn^-^':^)VlGBT(Dmmz:t^ 

it±m^is,<tii^o :$^mmm(Dm^. 2ooA/cm2 

mi 2(Z)miaA^ai^ v/^^Sfiil acomffict t)«5<«:SJ: 

mmm(D^^y^^.m4(Dm^2 4<Dmmiz?^^mi^iui>^^ 

MOSFETCDJ®^i:|iHitc bbV^SSfe^^- h 1 4cDI&a5 
1 SrJfJfiEb5&V^^**CD1Sig® I GBTJClt^. 4 5-6 

^t^^i^t^o m7L\tmmm^^fi\^mmii^2 9 o o v 
[0 0 2 5] «mm 5 »0 5 \±7^%m(omMm 5 cd n 
So %mm5\t. mmm3(onmmm.^^^)\^s±c 

M0SFET^S2©^a^ (p) CD®3(D^2S^^i^hLT 

S^i^»^®ft:M^8(i. 0. 5/zmipT-$)f3. 
Sfi^iiJEAs 1 0 17a t m/cmmSL(D. n-^mS© H 



n-^m^CDHU bB2*ffJ^rs^C5ST-{i 
*JEfi^J3CDM0SFETi:|5l«T-feSo Ilifieil3 CDSffiiiCD^ 
^^:av^{i. n-«m^CD F V >^ Mi2(DJf^^^. S1R6<JJC 

T-feSo ^<D'^<Dm^:r.mimmm3<Dm^h±<mm, 

T- S ?> f 3« © IBS r S o 
[0 0 2 6] S|jffit« 3 ©MOSFETT-tt^ b P V^^-MJ^jg^ 

1 4cDjagpcDiiy5ga5ici5(ts«s?^i^ji 9(Z)m#^s 
fco -^titr^ruT. '^mMm(D^':>\zm2m^^m^m 

fc^^jiic<toTt)^a^nso z<Dtz^. mmmBB 

5%'-8 O%0mi^^JSA^M«l^*tSo ^1 
mm 5 (D*#fti^gi±«t3feCD*,(D(Clt-^T«^ 5 5 %i>J.± 
l»E*Sfai_tu ffiJffittS 1 0 0 V>b^6 3 6 0 0 

Vgjgi::afeS-egSo ±i3cDS^^S[cDjS«]{cJ; »)±fa 

«fi)ifc^B9cDfi^t4rpi±*5^e>^0tiSo mmmtL 

i><D}zit^x 2iS}:ji±(Dm^ti^m^tirzo 
[0 0 2 7] «mmm e »ei e \t:^%m(Dmmm e con 

mmmeitn^^^jvs ±c iGBTjcS2a:i^ 

mm 3 ®n+#s^(Z) K i/-r »i 3 ®ftt> ^ izv^mmmco 

SJKtt. 1 018- 1 019a tm/cm3T*feSo 
JK0»j6D«^4)*Jfifi«J5©J©'&i:|S|«{c. ^2S#j^«^ 

(Di)(Dizi±.-<xm 6 5 1 3 0 %(Dm^^mi^mm^ 
tiSo bfe*5-:3T^ :i(D^mi^mmx{tm2 5%&.±m 

B\^±^m^:iti^X^. i9EE(i3 3 0 0 Vip?>4 6 0 
0 VgSiza5c«T-tfeo ±33(Dmi!taiScDffi«IICct ?)± 

[0 0 2 8] «mmm 7 »m 7 iitT^^mommm 7 (On 



[0 0 2 9] Kl^^>SSil 9ii«6j^y-hS«ll 4* 

5)^^®[Eg8^PiTTj^^y~ fSH 1 4 lc3£fT UTig 
I^SCDAsSSbV^o KU>f >m«il 9 i:3}<7^>f ^^34 0 

xf Y i/^ >mm 1 9 ommt. m s 5 (Dm 

2. E14^^)SI^E^J4&t/^EI6cDSI^fi««J6tCiSV^T. ZiU 
(tSChJCj;?). EI7CD«J5K*^iSfi?!l2. 4St;f6<Z)^ 

M (3 liHi ® ffl qj tg T* fe 5 o 

[0 0 3 01 ««ite««J 8 »m 8 tt. *^B9CD*JBHW 8 <D 

Sp mmms(Dm^it±mmMm3 t:m\:^x$>^ti^. m 
^mm^mi^mm(Dmmm^tmi'fj:mzti\,^xmmm 

-r:t>fiT&ji^s**jte«?ij3cfct)^<-rso cnicj: 

a2p^cDSI:;&fRl©3t^»i?^©ffi«fcA5ct »)Si^icMfT E 

5^S«6lgy- b 1 4 CDlS«Sfilffiffl5i3*5(tS8ftl^iKlJi 9 ® 
3 ©^^fli^gOiBE 2900'-3250V iClt^. M 

8iz7jk'mmms(DmE.{t3 2 0 0 v^i^^^s 5 0 0 vi: 
m^. :t>^i}it^^=Fm:kir^i^mmmz{t±<?sm}c 



8 V-i/* 



m.7 iz t, mmizmmRsmx&^o 
[0 0 3 1] mti(Dmmm 1 vzir^ bfc k i/-r y^isst;^ 
K >r >®ffi 1 9 cDSiKtt. m 8 ic:^>-r*ite^j 8 ©^jse 

[0 0 3 2] 9 »EI 9 tt. *^B9®*ifi«i!| 9 

feSiBJE2 5 0 0 V|ftn^^*;i/Si C (j^fbS^) MO 

l/>^6 91BafficZ)S6lgM9©JP$JcMbT: Mx>^JSgB 
©^n**5 5 5fevM^i^2 O^J^:Jl±^CbTaffi(Z)^SS:ffi 

mbctdii-rso z.(DmMmx\^. ^^:^>vm\t^u 

\y^ym3(D±.\zm\-f^ jp${iSs^2 O^^mT-feSo 
S^(Z)Klx-Y>JI3tt. JP^*?J3 0 0/zm. p^m^fD 
5}^7^-<a4cDiP$tt4 A4m^ n+®mS(5DV— X^^5(D 
g^^gg^ttO. 5 /im. laSBT^fefct) M^>^6 9(DSi 
^{i6/zm. Mx>^i|i(i3//m> M/>^ 6 9 rtt::tS; 
ttfc S i 02 (^^bam) ^©JfeJiiKJii 9 CDiP^tt b U 
>5^6 9^SPT- 1 Aim. M/>5^6 9^UmT-0. l>tzm- 

\tmMmfi5m\zw^\i^7.Y^^y^kxi>^o 

c^:V^o 

[0 0 3 3] *IISBfi»jOS#^?S©«fffl»lttx 

DTfeSo b'l^-r >^J^hbTatg-rs 1 018** 

J& 1 0 20a t m/cm3ajS©^ fchiJf. lOiSat 
m/cm3©ffiJg©n+ff^S i C (K<b^^) S463*fli 
StrSo Ca)S*R3®—^ffi±tC 1 015**?) 1 016a t 
m/ c m3Sg, 5 X 1 0 15a t m/ c magS 

OS i c(Dxi-mmm(DY')y Ym2^m^WLmm^\z^ 

tiJfM-r^o ^J:tc^©KU:7 h;i2©±i3 1 0i6atm 

SS^t^ct ?)ffj^f So ^bT. v-;^;i^bT. SJR 

figjcl 0 18a t m/ c m3gJS<Z)«ficDn+««McD«JS 

[0 0 3 4] iietc. EI9<3D<t-5J3SS3. KU:7 
StJ^jJ^T^ ii 4 4* 1?) S j£gCDSt64^^tt:2^ ^ >^ 
bTx p«Sa©:jJ<7^>f ®4*RilblaS8*Sn-#«SCD 
Hi;:7 hM2(c3irs M^>5^ (^) 6 9*JB^-rSo 

^JafiSa)Si02^^-MieigM9S:©<b> JK»lxzm^ 

•r So ^ bx 6 9 i^ic t) 
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9 A'^-r 



- h ^« h bT®3j< U U n > b >^ 6 9 * 
CDlfi»J{i> iai^6//m. «3/zm> :g$lmm7?feSo 

m^tl^o mmz. (filter: ^y>r;i/^sbffl 

So CCDMOSFET®:?r>ffitn;i±, iKl3 OmQ • cm2T-fe 
to 0 3 5] **fi6lfi?lJttn5=*-V^;i/S i C MOSFETT-fe 

mMl 0®«ii3()sv— ;;^®eg 1 lCD«;<liJ:»)iiS<5&:Sct 

So c:cDS^e^j;t)e*?iss:jffiiPb> mummizm 
[0 0 3 6] jfej^ifeg 9<Dhv >?*iaap 

v^m^pM^mom^ifimm^ri^o zn^^^. mm 

to 0 3 7] tl-fftCcfcSi^SiJT-ii. Ell lCD<fco«:ti£* 
CD Mx>^^|gjjt>y— hMOSFET©«'&Mtt. Mx>^S 

«fii^y~hmi® 1 4hv-;^m® 1 1 ^^iigb. v-;^ 
«1S1 1*0 vhbKU-f >Sfiil 0i::+2 0 0 0V4 

umm 9 (Dm^mmit. s i 02<3D®«s^a5«T-fes 

2«6i»ifeJi9CDS^?iJg(±. 'iit^(Di>(DlZtt-<X9 0% 

mm^^SLiS:<izrji^ti^m^^TT^o ^^mmxit 
i^B^m 9 (D m^^mi^i^m /j^ ^ < o t c ^ ^ . 



2 9 0 0 V*^?,3 2 5 0V{C|ql±bfeo ^^)lCn-KU 

7?fcSo K >mm 1 0 icBin bfcm£E*±n-#mM<D 

Yvy hm2thu>^mmm^-v i 4 0DjagU(Z)i6fe]g 
^® 9icj;*}«^fi^ix. mmmm B (DmBii^&ifi:k^ < 

b. ^mmm(o^'^\z hi^y^mmmv- v 1 4®jsa5 

';:7hji2*5ctt;fhU >^M«6Si^^- hJSSBitelg^iKl® 9 
tlSJEE^^^fi^n^ ^^t::«fe3^tlJi9cr)^a5T- Hl/^ 

3^i^« 9 (Dff^^^i b;^c^y2(t-^cDli 9 CDm^^S*)/^ 

h 1 4 cD)sgs©«g^i^a 9 (DM^^mtmiz^ < ^ 
s(dtn mmmm 9 m,^(Dm^^mti&}m±mmiztji 

So *JEfl»l9t:t5V^T. ^S[gfi^J5{C*5«tSm2S|^J|gffl 

»©iajm*sf#^>ixSo *JE0^9^;:^5l^T. *sfi«?y7i3i5 

(tSJ;o^^> KU^>S^1 9*$feJgy-b«^l 4A^ 

1 0 0 3 8 ] «mmm i o »ei i o^. ^mmcommm 

1 0CDn^-V^;US i C lGBT(D±^^>VCDmm 

3cDftto D izpmmmozi \y ^ ^ m 6 ^m&i^titcDx 
feSo *isfi?«i ocD«igM7c*5ciit;fs<t7j&ttx mmm 

9 © S i C -n+«SS^«®ftfc ») t:: S i C -p+#«M 

mmt. 1 018-1 0 19a tm/cm3T-feSo 
to 0 3 9] :^nmm(Dn^^^)\^lGBT<Dmmzi^ 

iii<5&Scta^y-b«jE*fflija'rso zo^-hmE. 
1 4<Dmm(Di>m'Mm<D^^y'^m4<DmmiZTimmM<D 

CD5^^^;i/*/^bTm^*5n-zj|t«M® K U >^ bg2 JCgK 

ixaitfo zitiizx^xpmnm<Daup^m^t'^{±n- 

mmmcDh^^y hm2\ZJE^i^mX^ti:t>Lti::^o Zi 

com. n-mmm(D\'vy hm2x-mmm^mifimz^rz 

ids m^mXit$m\zMt'^tz:t>&tn,ifi. IGBTT* 
(±:^ilitCfi;<3&So ^^JE^JCD^-^. 2 0 0 A/cm2 
(Dmmx:t>m&i,tl .5VX$>^s :?r>ffitnitt7. Sm 

^jfijty- h 1 4 (DMiiLifij^ ^^i^i^mmi 3(Dm& 

j^Ttc«cSctdJcy-hmE*BJiJDb. *^ozii/i7^s 
® 1 2©S1u:?)5ai^ ^3;^^miSl 3 ODSiiJ: t) < J: 
d ic®JBE4Slj!ip bfc®^. n-#«SC!) K U 7 h S 2 p 



« 

1^^^10-098188 



[0040] *^ji6fi»j-c-ti. b 1/ >^mmMff- h mm 

5. Cincj;*). y-M|!6«!B!l»9©«Jitt*S;*cifflfc|pl 
5fc«)WE©|S|±*ESC:i:*sWtlT-&ao *SIJE«»J© 
Mifiig:^- h 1 4 ©lSSP1lia^©i^it!^@ 9 ©S#%ft 

fe d i: t Ji D iSfE ffl |6l ± * Ein -S i: i: t> m y - hUeSSiK) 
@9©«igttAS:*:i(i{;:|q)±-ra. fi»iiJfllffll«>!I{c: J;*iH 
mS.ifi2 9 0 0 VA>^)3 2 5 0 vt:asi#-e§fco 

[0 0 4 1] SlJtefi^l OtiJVNTs Slitefi^|6{;:fe(t3|| 

mm 6 i:pifis©s!ijR*sit^tiao mmm i o 

i^ffli«»j7(c43{tsj;dc. zivi^'$'mmi z^mMV- 
[0 0 4 2]feJl±. *Sfi«»J l:feV^b 1 OlroV^T*^^^ 

-y--f UJ^^StJ'IEGTdnjecti 
on Enhanced Insulated GateBipolar Trans istor)^(c 

fe«6i^ifea9{±Si02lU^1.ic:Ta205 (mb^>i' 
Jl') s Si3N4 (^ft^m) -^AIN (^{bT;i/5-'i7 
A) i:V^■^feflk©^6iSi!fe(T•^)J;V^. 

Ifi. 'ii.-rU4»-?-©jl2>S{d:5&:<s S i OzJfeliiife)® 9 

bT b U>g'6.9fflF*3S®-gPtC^MtttCJ&mbT*)*> 

[0 04 3] 

U >f^S!iM5)Si'y- b ©iSeCK:^ 2 ©#S^* t -C)® 1 © 
*##;«^4?&fSbfcc:ittJ;t). «&*©M/>f=-MS6 

sjfeigy- h ©jgai5©i^ig'^ji©«iiL^*5iSifa$ti 

1 5~3 0%gg|Rl±T-^fc. ±f3©«lf^ft®iSffitC 
J:»)-?®«SigiKlii©ffl«14*S|p)±-rSo 3|s:«W©lteJi'i^ 
-h^^<*:^eT-J±. Mx>f"M8gi^>y-h®JsSPt:^ 
2©«ISM4*»o^l®i|£#f*i1StS4JKfiKb, bbV^ 



10 v-r 



DJ1< bfc.Ii:iCJ:?). ijl£3l£® hU^^'S^^y- h« 

-e©iiS*i|t»f*:^B-??ttl»BE*«e*0*ffl{cj±'^T 4 5 
~6 5%gSlS|±T-tfco ±8B®S^^S®SiifPiCJ;») 

*®iteJgifei»®«!Rtt*siRi±-rao 

[0 04 41 ^fcx *l6^®«eiS^?'- h¥^<*;^{i®4^ 

J;»)i^v^^S^**^«ffi®±fc:|^c3l^m 
Sf^tLJ: !5iSt^«S*®«4iattfc«igi:-rsci:ic: 

^zt1fiX'^?>. c©J; !5ffiv^^S^®«*Ji5fiEbfcc 
i: K: J: «) i|i«Stt:Se® iSJE 4 iiS < -r S i i: AS f g a . 
[0 0 4 5] $?>C. *^?S®«fe!^^-h^^#:^gO 
||2®^$#^^^®#S^4> ^##:S«l^-r-^2®^ 
t.it^^«»«*Sfc®HC:g^S:Jl^j5£1-S^ 2 ®» 
«S®*«»t*;)ii:g|^*J15jEi£bTVN5S®?StSs^J; »3 * 
i«<-rs^:i:CJ:»). mi®miShffi2ffli|i«frM:^i: 
®gMffiJn;4'h$<-rsci:As-r-&. *«<*;^a©:t> 

mm^^mx-mo 

[0 04 6] ^^tt;*«®BUl3S^**^fflt,{i 
R?^^B)©ffiC« 2 ®«mM®#««;B*^lt*:i|!6ig^^- 

^SM®mi®i|i#i*;«*S*JK^-raci:{c:J:>). «a5 

-efeofc h y>5=-M«6igy- h®jagi5fflj6isi%ji®m^ 

<Di,(Dizjt^x 1 5~3 o%gfSiPi±-r-#So ±i3®m 
I^^S®iSW>::«t?)«g)^t>Jl®e^tt*s[fi)Ji-ra= $ 
fc, ■N^*fr^®B5iai^^*t(Offli:{±s«flO®®fc« 
2 ®^«S®^Si*:«*l9;lt fc«ei!ty- b 

^«#:«^*jBjES b, >^mmm^- v ®iiaB®«6 

St'^»®JP^4#Jfflgi5ffl;p^<t!3^< bfcCiiCi t)v 

m#^«ASii8»$*v&. ^<Dmm^mimmx'itm&^ 

(«e*®t)®tJt'^T4 5~6 5%gS|ql±-r-#.5o ±iB 

®mif^i£®i^«]{c<fc «) i^iit^n® Aiffit£AS|R]±-r i>. 
[ 0 0 4 7 ] ^ 6 h ^mt^^mo 

^mi^mmpiicm 2 ®»ss®g 3 
e<]icia(t5;ii:{cj: ^2®^*^®^!®^^-*^:^ 

h V >5=-y— h ®)ssiJ®«gi^!^effl!iisa5®mi?^ia4iS 

3lE®'fo®{ca:'^T 5 5~ 1 3 0%eit|pl±-r-gfe. ±fB 
om#^*0i^*lt: J; t) «6liiiKlS®««<4tf $ t:|pi± 
TSo ^2®m«i*^l®««ii:lilb7?|p|{ctg 

Wfe«SS®^^l«:^gT-tt, ±iai®a5i8ff^b$)5V^J±« 

jBi4©|q|±*sElii2)-5iK:, ffl^®*^«i;^g3!)JRlb^r 

\^\,zm2(Dmmi^t&(Dxmmo^^SLifimL. mM 



• 
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11 A'-r 



^?>tc. H 2 (Damson 1 cD^«i*:^^*ff$^-r 

MS 

[02] T^^mcDmmmzcDmmif-h^mi^^scDtsi 

mm 

[12 3] ^^SgcD^BEfi^aa^Jfiigiy-b^^fr^SCBf 



[EI 4] ^mMcDmmm4(DmM^-h^mi^^m<Dm 

mm 



me] *^bscd; 

mm 

[0 7] *^B^(Z); 

MS 

mm 



7 ©te^^f- b ^mi^mmom 



mm 8 ®*fii^>y- h ^mi^^mom 



[0 9] *^B^a)^j6E«?y9CD«5Jty-b**^^M©Bf 
MS 

[010] ^9^m<Dmmm i o ®«6igy- b ^mi^mm 
ommm 

mil] m^tDmznmmm^-h^mi^mmomm 



mi 2] m^cDiGBTcDmu^-h^mi^mmom 
mm 

in^cDSim] 

1. 1 A : m^mm^mi^^mm 



2 
3 
4 
5 
6 
7 
8 
9 : 
1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 9 



2 4 :n-«SM® HU7 hJItp^SMCD^iKT^-fgi:® 



3 3 : K U-f > 

4 0 : Ttiy'^i 
6 9 : h 



imi] 



5 A 5 

9 J VC* 



24 




m2] 



13 J-iv9'^ 




m3] 



14. ^.^^ 



24- «^ 




10 KU^ 



[E171 




15 

L 33 Kt^XW 






1 



[BI4] 




1121:* 

5 V-h*fiirF ' 





m8] 



5 ^ t^fe^ 5 

Y vS^ 




24 5?^ 



5 




5 



24 3*6- 



4 ^T^yi 




#ig¥10-098188 



15 A°->' 



[HI 0] 



13 Xs'v?^ 




12 



[@1 11 



14. , n c 

5 ^ ^-HtS^H-^-^*** ' 




14 




n 




mi 2] 



